Purpose: To assess reporting completeness of the most frequent outcome measures used in randomized controlled trials (RCTs) of rehabilitation interventions for mechanical low back pain. Methods: We performed a cross-sectional study of RCTs included in all Cochrane systematic reviews (SRs) published up to May 2013. Two authors independently evaluated the type and frequency of each outcome measure reported, the methods used to measure outcomes, the completeness of outcome reporting using a eight-item checklist, and the proportion of outcomes fully replicable by an independent assessor. Results: Our literature search identified 11 SRs, including 185 RCTs. Thirty-six different outcomes were investigated across all RCTs. The 2 most commonly reported outcomes were pain (n ¼ 165 RCTs; 89.2%) and disability (n ¼ 118 RCTs; 63.8%), which were assessed by 66 and 44 measurement tools, respectively. Pain and disability outcomes were found replicable in only 10.3% (n ¼ 17) and 10.2% (n ¼ 12) of the RCTs, respectively. Only 40 RCTs (21.6%) distinguished between primary and secondary outcomes. Conclusions: A large number of outcome measures and a myriad of measurement instruments were used across all RCTs. The reporting was largely incomplete, suggesting an opportunity for a standardized approach to reporting in rehabilitation science.
Randomized controlled trials (RCTs) evaluate the effectiveness of an intervention, which depends on the population included, the characteristics of the intervention, the comparison performed, and the chosen outcome measure. All of these elements need to be carefully evaluated when planning and interpreting research projects.
Researchers make decisions about what outcome to measure in a trial. The type of outcome measure influences both the magnitude of the clinically important difference attributable to an intervention and the definition of a successful outcome. 1 In fact, success depends on demonstrating the statistically significant difference and the clinical relevance of the benefit. Also, the chosen outcome measure will influence the sample size required for a trial 2 and the length of follow-up needed to accumulate a sufficient number of events from which to draw a firm conclusion. Finally, the choice of the reported outcome and its measure are subject to selective outcome reporting bias (i.e., the outcome that results in statistical significance is the one reported in a publication). 3 All of these considerations apply to the rehabilitation field, in which the need to evaluate diverse research objectives and different dimensions leads to the use of various outcomes and outcome measures. 4 Even when RCTs use similar populations, differences in outcome measures make it difficult to compare study results and assess the relative magnitude of treatment effects among various studies. 5 For instance in a study from Mohseni-Bandpei and colleagues, 6 when spinal manipulative therapy was compared with any other intervention for chronic low back pain (LBP), the functional 100-point Oswestry Disability Index was associated with a large and statistically significant absolute improvement. However, when the same outcome was evaluated by Bronfort and colleagues 7 using the 24-point Roland Morris Disability Questionnaire, they reported an absolute smaller difference that was not statistically significant.
Furthermore, many outcome measures in rehabilitation are multidimensional, producing several domain-specific scales in patient-reported outcomes (PROs), including health-related quality of life (HRQOL) and symptoms such as pain or fatigue. 8, 9 Unfortunately, evidence has shown that in some trials, the quality of PRO data can be undermined by inconsistencies in data collection 10 and, in particular, by high rates of missing data; 11 this adversely affects the integrity and usefulness of such data in clinical practice. 12 The adequacy of the assessment for the chosen outcome can be evaluated only from its reporting. Recently, the development of the Consolidated Standards of Reporting Trials (CONSORT) PRO extension 9 has introduced important recommendations about PROs: a precise definition of the outcome, including whether it was a primary or secondary outcome, and how it was measured, specifying the setting and the timing of the assessment. 9, 13 Also, the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) initiative 14 has promoted trial conduct and reporting in its protocols. 12 Completeness of outcome reporting is important because it allows clinicians and other health professionals to apply the treatment in practice, guides researchers using previous research to shape future studies, and informs those analyzing the clinical trial data in meta-analyses to draw more reliable conclusions.
The aim of our study was to evaluate the completeness of reporting of outcomes that are most commonly used in RCTs examining interventions for LBP. To pursue this goal, we first determined the type and frequency of outcomes used. We then determined and examined the completeness of the reporting of the four most commonly used outcomes to determine whether there was a relationship with the year in which the trial was published. We hypothesized that outcomes would be reported more thoroughly in recently published trials supported by various initiatives promoting reporting, such as CONSORT PRO and SPIRIT. 9,14,15 Finally, we examined how complete the description was of the blinding of the outcome assessment.
METHODS

Registered protocol
We registered the present study in the Core Outcome Measures in Effectiveness Trials (COMET) database, 16 in agreement with the COMET initiative. 17
Eligibility criteria and study selection
We searched all systematic reviews (SRs) published up to May 2013 in the Cochrane Database of Systematic Reviews, using the terms ''back pain'' and ''rehabilitation'' in adult treatments. Interventions other than therapeutic rehabilitation (e.g., education) and those based on a subgroup population (e.g., spondylolisthesis) were excluded.
From the eligible SRs, we extracted all RCTs published in English, Italian, Spanish, or French. Three authors (SG, PF, GC) independently screened the SRs (title and abstract) for eligibility and subsequently reviewed all identified RCTs. Disagreements were resolved by negotiation among the authors.
Data collection and definitions
We designed an outcome extraction form, then refined it after conducting the first 60 trials, based on the problems identified. Using DistillerSR (Evidence Partners, Ottawa, ON), a web-based, password-protected database for data extraction, six pairs of independent researchers trained in SR methodology extracted study characteristics-such as information concerning the study population, intervention, control, sample size, number of reported outcomes and their assessment, and fundingfrom the included RCT full text. (See Appendix 1 online.) We further recorded whether each RCT distinguished between primary and secondary outcomes.
We defined the primary outcome as being adequately reported when only one outcome, even if composite, had been indicated as primary in the Methods section or had been used in calculating the sample size. If we were unsure about the primary outcome (e.g., more than one outcome defined as primary, no indication that the outcome was used to calculate sample size in the presence of multiple outcomes), it was considered to be not adequately reported.
After determining the four most frequently reported outcomes, we assessed the completeness of reporting using an eight-item checklist that we had developed specifically for this project; the items are defined in Table 1 . They were selected from established opinion on what aspects of the methodology should be reported. 1, 9, [18] [19] [20] [21] The Methods and Results sections of each trial were reviewed, and we decided whether each of the eight items was reported or not reported. An outcome was considered to be fully reported if all of the items were present. We also analyzed changes in the completeness of reporting for each outcome over time. Finally, because blinding is one of the most important procedures to protect against bias in an RCT, 22 we investigated its reporting by determining the frequency of blinding across all included RCTs. A trial was considered to be blinded, unblinded, or unclear on the basis of the information provided in the article. 22 When blinding was reported, we specified the level: participants, trial investigators, outcome assessors, or data analysts.
Statistical analysis
Completeness of reporting for the four most frequent outcomes was described, for every item on the checklist, by the proportion of RCTs adequately reporting the item. For every outcome, univariate logistic regression models were used to investigate the impact on each item (dependent binary variable) of publication year (continuous independent variable). We modelled the proper functional form of year using polynomial terms. For items with a significant quadratic term-representing a decreasing and then increasing proportion of adequately reported RCTs with publication year-we estimated the linear effect of publication year for the most recent time period. To do so, we fitted a new model, including just the linear term, only on the studies published after the curvature point. The results of the logistic regressions are presented graphically and as 10-year odds ratios (ORs)-that is, the relative increase or decrease in the probability that a study will report the item for any 10-year increment in publication year-and their corresponding 95% CIs. All tests were performed two-sided, with a significance level of 0.05. All analyses were performed with R (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Selection of studies
Eleven Cochrane SRs met our criteria, and they identified a total of 220 RCTs. We removed any trials that were duplicates; in a language other than French, English, Italian, or Spanish; or unavailable; this left 185 RCTs for analysis. A more thorough description of the study selection is presented in Figure S1 (online Appendix 2).
How many outcomes and measurements are reported in the published randomized controlled trials?
Overall, 36 outcomes were reported more than once across the studies, and more than 100 outcomes were reported only once. The outcomes most frequently reported were pain (89.2%), disability (63.8%), range of motion (38.9%), and HRQOL (24.3%). (See Table 2 .) We found 70 instruments used to assess pain (e.g., visual analogue scale [VAS], numeric rating scale), 43 to assess disability (e.g., Roland Morris Disability Questionnaire, Oswestry Disability Index), 41 to assess range of motion (e.g., Modified Schober), and 19 to assess HRQOL (e.g., SF-36 health survey, Euro-Qol). Disability and HRQOL were assessed using self-report measures, and range of motion was always assessed with a clinical assessment. Pain was investigated using either clinical measures (e.g., pressure pain was measured using a commercial algometer applied by the health professional) or selfreported measures (e.g., a patient-reported scale such as a VAS). *Among 40 studies that identified the primary outcome, we considered only the 31 trials reporting one outcome as the primary outcome in the Methods section or using it for sample size calculation. This included 9 trials that used combined outcomes and 7 trials in which the primary outcome was not one of the four most reported outcomes. HRQOL ¼ health-related quality of life.
Did the authors specify primary and secondary outcomes? Of the 185 RCTs, 40 (21.6%) distinguished between primary and secondary outcomes in the Methods section, and 31 (77.5%) of these 40 trials adequately identified the primary outcome. Table 2 
Completeness of outcome reporting
We evaluated the completeness of reporting for the four most frequently reported outcomes: pain, disability, range of motion, and HRQOL. Table 1 presents the proportion of RCTs reporting each item.
The items with the most thorough reporting were the type of instrument, timeline and follow-up schedule, and reliability of the instrument. The items less frequently judged as adequately reported were the methods used for data collection and the methods used during the process to protect against bias. This was consistent across all four outcomes.
For the four most frequently reported outcomes, only a few trials reported all items: 10.3% for pain (17 of 165), 10.2% for disability (12 of 118), 5.5% for range of motion (4 of 72), and 6.7% for HRQOL (3 of 45). The majority of the RCTs provided insufficient detail on these four outcomes to allow them to be fully understood and replicated in future trials.
In the RCTs that included all 4 (n ¼ 5) or 3 (n ¼ 59) of the most commonly reported outcomes, none was successful in adequately reporting all outcomes (eight of eight items). In RCTs featuring 2 of the most frequently reported outcomes (n ¼ 86), only 6% of trials successfully reported both.
The four outcomes first appeared in the literature at different times: pain and range of motion in 1968, disability in 1977, and HRQOL only in 1988. For each outcome, Table 3 reports the OR of each item being reported versus not reported for any 10-year increment Table 4 details the reporting of the use and level of blinding for the four most frequent outcomes. The use of blinded assessment was adequately reported in about half of the RCTs and unclearly reported in fewer than half, ranging from 33.3% (for range of motion) to 44.1% (for disability) of the trials. The percentage of trials explicitly reporting no blinding varied between 6.9% (for range of motion) and 15.6% (for HRQOL).
For the four most commonly reported outcomes, blinding was more frequently performed for the outcome assessors (the persons who determined the outcome measurement-e.g., the participants, researchers, or independent assessors), ranging from 72.7% (for HRQOL) to 86.0% (for range of motion). This was followed by participants, ranging from 25.6% (for range of motion) to 29.3% (for pain); trial investigators, ranging from 18.2% (for HRQOL) to 26.4% (for disability); and data analysts, ranging from 9.3% (for range of motion) to 18.2% (for HRQOL).
DISCUSSION
Outcome assessment is not adequately reported in RCTs for LBP interventions. First, we identified numerous outcomes and outcome measurements used to evaluate rehabilitation of mechanical LBP. Overall, 36 outcomes were reported more than once across the studies, and more than 100 outcomes were reported only once. Second, only one-fifth of the trials declared a primary outcome. Finally, only about 60% of the trials declared the methods used to protect outcome assessment against bias (i.e., blinded assessment).
It has been claimed that insufficient attention is paid to outcome measurement in clinical trials. 23 The large heterogeneity in outcome measurement in LBP is not new. 4 It can increase the gap among scientists, clinicians, and patients because they are reasonably skeptical about accepting a research field that proposes dozen of outcomes to be clinically relevant. Variations in the measurement of the same outcome can often explain apparent discrepancies in results across similar studies. 1 However, the poor reporting of outcomes can lead to such important differences being overlooked. Heterogeneity in outcome measures also complicates meta-analyses. 24 When different instruments are used, standardized mean difference (SMD) is usually adopted as the summary statistic to reflect the effect size. 25 SMD is defined as the ratio of Note: Percentages may total less than or more than 100 because of rounding. *Percentages are of the total number of RCTs (n ¼ 185). † Percentages are of the total number of RCTs reporting a blinded assessment (Yes row). A trial could have adopted one or more types of blinding (e.g., one in which both trial investigators and assessors were blinded). RCT ¼ randomized controlled trial; HRQOL ¼ health-related quality of life.
mean to SD of the difference of two random values, respectively, from two groups. However, it expresses the intervention effect in SD units rather than in the original units of measurement, with the value of an SMD depending on both the size of the effect and the SD of the outcomes. This approach has two main limitations: Health professionals do not have an intuitive sense of the importance of the effect if it is expressed as an SD unit, and the same effect will assume different SMD values if population heterogeneity differs across eligible trials. 26, 27 Difficulties caused by heterogeneity in outcome measurement could be addressed by the development and use of a core outcome set (COS). This is a scientifically agreed-on set of outcomes, and it has to be reported as a minimum in RCTs conducted in a specific area of clinical practice. 28 The most successful example of COS is arthritis trials using Outcome Measures in Rheumatology (OMERACT) initiatives. 20, 29 Other examples of its use in fields close to rehabilitation are chronic post-surgical pain after knee replacement 30 and hip fracture. 31 In our study, we found that pain, disability, range of motion, and HRQOL are the most widely used outcomes. The identification and recognition of the most frequently used outcomes across clinical trials represent a first step in the development of an LBP COS. The second step is to evaluate the relevance of these outcomes for patients, health care practitioners, regulators, industry representatives, and policymakers; joining diverse stakeholders in the endeavour to reach a consensus is increasingly well accepted as the future of collaborative research. 32 In 1998, after an expert panel discussion held at the second international LBP Forum (in The Hague, Netherlands), a proposal was published for a standardized six-item set of outcomes in LBP clinical research: pain symptoms, function, well-being, disability, disability (social role), and satisfaction with care. 5 More recently, a group of researchers has been updating these recommended domains for LBP clinical research, 33 following the methodological guidance of COMET 23 and OMERACT. 29 The small proportion of trials that distinguish between primary and secondary outcomes presents another major issue. Not indicating a single primary outcome can lead to outcome reporting bias. Recommendations for intervention trial protocols were published in 2013 by the SPIRIT initiative. The SPIRIT checklist considers a full description of the study planning, including the identification of the primary and secondary outcomes. 14 A greater adherence to these recommendations should be pursued.
Although overall reporting has improved over time, items are still insufficiently reported. The incompleteness of reporting of other outcome dimensions leads to multiple biases, such as performance or detection bias. 22 The scarcity of blinding is also worrying; blinding is more difficult to achieve in rehabilitation interventions than in pharmacological trials because patients and health care providers are aware of the allocated treatment. 34 Although these subjects can rarely be blinded, it is usually possible to blind the outcome assessors to ensure unbiased ascertainment of outcomes, especially in the presence of subjective outcomes. 35 We invite authors of the rehabilitation literature, journal editors, and reviewers to improve their adherence to CONSORT PRO, promoting blinded assessment to reduce uncertainty about the methods used to assess outcomes.
This study has some limitations that should be kept in mind when interpreting the results. For example, to determine whether the overall reporting was satisfactory, we selected the highest possible threshold for adequate reporting (i.e., all items on the checklists). Lower thresholds would have increased the number of compliant records, but we judged that for a study to be truly replicated, all items needed to be present. Completeness of reporting may have been influenced not only by the dimension of the outcome (e.g., pain) or the measure used (e.g., Oswestry Disability Index) but also by other merits and limitations (e.g., binary vs. continuous, interpretability, relevance, statistical significance). Moreover, we did not explore the implications of poor reporting when the results of the RCTs were disseminated to patients.
To capture the selective outcome reporting bias, we would need to study discrepancies between the registered protocol and its corresponding full text. Because our sample dates to 1970, it is difficult to detect potential bias because the widespread registration of protocols only began in the past 10 years. Finally, when an outcome was assessed using a multidimensional scale (e.g., the Oswestry Disability Index, which encompasses pain and disability), we arbitrarily retained only the most inclusive dimension construct (e.g., disability).
CONCLUSION
A large number of outcomes and a multitude of instruments have been used in RCTs examining physical interventions for LBP in adults. The thoroughness with which the outcome measures are described has improved over time but remains incomplete. Our findings suggest that ongoing attention to the description of outcome measures is needed from authors, peer reviewers, and journal editors. A COS for LBP may help initiatives such as SPIRIT and CONSORT PRO.
KEY MESSAGES What is already known on this topic
There is heterogeneity in outcomes and outcome measures across low back pain (LBP) trials; this may affect consistency of reporting and completeness of the description and make it difficult to perform systematic reviews.
What this study adds
We quantified the heterogeneity in outcome and outcome measures reported in LBP rehabilitation trials. We also found that the reporting of the outcome measures, assessed by eight items, has overall improved over time. However, some aspects of the reporting are still incomplete. We call for the definition of a Core Outcome Set with a complete description of the outcome assessment in this field.
